S
ince James Herrick's original description of a left main coronary artery (LMCA) stenosis in 1912, 1 the natural outcome of this type of lesion has been thought to be poor. A study by Conley and colleagues, 2 conducted between 1960 and 1977, analysed the outcome of 163 medically treated cases of LMCA stenosis. The survival rate was 79% after one year and 50% after three years. Dacosta and associates, in a review of several studies, 3 reported a survival rate of around 50% after three years, with a 19% annual mortality rate. Both rates were very similar to those noted in non-operated triple vessel disease. Only patients with non-bypassable vessels, a left ventricular ejection fraction of less than 20%, associated incurable disease, or refusing surgery would be considered ineligible for surgical treatment. It is clear, however, that advances in surgical myocardial revascularisation techniques have had an important impact on prognosis. While various studies have focused on the outcome of LMCA stenoses following surgery, 4 5 few have investigated the long term outcome 6 7 and none has specifically involved the subpopulation of patients with isolated LMCA stenosis. Our aim in this study was to analyse retrospectively the long term outcome after surgery in patients presenting with isolated LMCA stenoses.
METHODS

Patient selection
Among the 7783 patients receiving coronary artery bypass surgery in the thoracic and cardiovascular surgery department of our hospital between 1982 and 1998, all those who met the following criteria were included in the study:
• the presence of LMCA stenosis, as defined by a reduction of the arterial lumen by more than 50%; • LMCA stenosis not accompanied by any significant stenosis of the other coronary arteries; • myocardial revascularisation done without any associated procedures (such as valve replacement, aneurysm resection, ascending aorta replacement, and so on).
Data analysis
The patients' characteristics were determined by analysis of computerised databases and the medical records. The data collected included age, sex, and the presence of risk factors for atherosclerosis. The symptoms leading to preoperative coronary arteriography and preoperative myocardial infarction were analysed. The left ventricular ejection fraction was computed by angiography (Stanford method, 30°right anterior view). Selective coronary arteriography was undertaken using the Judkins femoral or brachial technique, with a minimum of three views (right anterior oblique, left anterior, and left lateral).
Various surgical aspects of the database were also analysed. These included whether the procedure was carried out as an emergency (that is, when patients were admitted to hospital while awaiting surgery and were operated on within three days after the decision to operate was made), the number and types of grafts, extracorporeal circulation and aortic clamping times, and the causes of early postoperative deaths.
Progression survey
Long term follow up was achieved by sending questionnaires to the patients, their physicians, and their cardiologists. If there was no response to the questionnaires or if they contained inconsistencies, further inquiries were made by telephone. Records of any past hospital admissions were evaluated. Finally, in the absence of any response to our inquiries, the possibility that the patient had died was checked with the death registry administration.
Statistical analysis
Statistical processing was performed with the Statview software (version F4,5). In the initial univariate analyses we used Pearson's χ 2 test or Fisher's exact test for qualitative data and Student's t test or analysis of variance for quantitative data. As a second step, a survival analysis was done (using Kaplan-Meier's actuarial curve method) with the log rank univariate test, followed by Cox's proportional rate multivariate model. The significance threshold was set at p < 0.05 for all these data. Data are given as mean (SD).
RESULTS
Population characteristics
The patient population (table 1) consisted of 35 women and 71 men (total 106), mean age, 61 (10) years (range 37-79 years). Cardiovascular risk factors other than age were present in 85 patients. Angina pectoris was the presenting symptom in 103 patients (exercise induced angina in 46.2%, mixed in 42.5%, and unstable angina leading to emergency hospital admission in 8.5%). Only three patients presented with isolated exercise induced dyspnoea. Ten patients (9.4%) had a history of preoperative myocardial infarction.
The mean left ventricular ejection fraction measured preoperatively was 62 (13)%. The degree of LMCA stenosis was quantified in all patients by preoperative coronary arteriography (50-70% in 18 patients; > 70% in 85; chronic occlusion in three). We were able to define precise lesion topography in 97 patients (distal in 52; median in 13; proximal in 13; and ostial in 19) .
Forty six operations were performed as emergencies. The mean number of grafts per patient was 2.0 (0.5). Seventeen patients received only venous grafts (14 of these were before 1990). The left anterior descending coronary artery was bypassed in 105 patients, using the internal thoracic artery in 88 cases and a venous graft in 17. In most cases, one or several other arteries were bypassed, essentially using saphenous vein graft (diagonal branch in 7, circumflex branch in 34, marginal branch in 61). Extracorporeal circulation time and aortic clamping time were 70 (29) minutes and 46 (14) minutes, respectively.
Follow up
The mean follow up duration in November 1998 was 57.8 (42.4) months. Data were obtained on the outcome of all surviving patients. All 92 survivors answered the questionnaire.
Mortality
The overall mortality (fig 1) at the end of follow up was 13.2% (14 deaths). Early postoperative mortality before hospital discharge was 4.7%. Of these five deceased patients (four men and one woman), the first three died on the day of surgery from refractory low cardiac output. The two remaining patients died, respectively, on the third postoperative day from mesenteric infarction, and on the fourth day after a myocardial infarct secondary to acute thrombosis of the circumflex graft, confirmed by necropsy in both cases.
Late mortality (4.6 (3.4) years after surgery) was 8.5%. Three patients died of cardiac causes (all men) and six from other causes (cancer, renal failure, and a car crash; four men and two women).
Functional outcome
At the time when the questionnaires were dispatched, 17 (18.5%) of the 92 surviving patients were complaining of recurrent angina, which began at a mean of 3.3 (2.8) years 46 (14) 46 (16) 43 ( after surgery. Three patients who had been symptomatic during follow up were no longer so at the end of the study. Two patients suffered from lateral infarcts in the course of follow up. Of the 26 patients of working age, 76.9% had resumed their jobs and 23.1% were either in premature retirement or were incapacitated. All patients received anti-ischaemic drug treatment (β blockers in 77.2% of cases) and 91 of the 92 patients were on antiplatelet drugs (aspirin or ticlopidine, n = 77) or an oral anticoagulant (warfarin, n = 14).
As assessed by their cardiologists, in 44 patients the mean left ventricular ejection fraction was 58 (8)%. Fifty nine patients underwent exercise stress tests, of which 51 (86.4%) were negative, both clinically and on ECG criteria.
Sixteen patients (17.4% of the survivors) underwent follow up coronary angiography (because of functional symptoms in 12 cases and a positive exercise test in two, and as a routine procedure prescribed by their cardiologists in the remaining two). Results were considered fully satisfactory in six of these patients, two were reoperated on, five had percutaneous angioplasty (of the LMCA in three and of the bypass in two), and three patients remained on medical treatment.
Predictors of coronary events
Coronary events were defined as a death of cardiac origin (n = 8; five early and three late), the occurrence of myocardial infarction during follow up (n = 2), or the need for a new myocardial revascularisation procedure in the course of follow up (n = 7, including five percutaneous coronary angioplasties (PTCA) and two reoperations). One of the PTCAs was done in a patient who had suffered a myocardial infarct. Thus the total number of coronary events was 16. The event-free follow up curve is shown in fig 2. In the univariate analysis (tables 2 and 3), three factors appeared to be associated with the occurrence of coronary events: extracorporeal circulation time (82 v 68 mins, p < 0.05), aortic clamping time (51 v 43 mins, p < 0.05), and the presence of preoperative obesity, defined by a body mass index of more than 30 kg/m 2 (37.5% v 14.3%, p < 0.05). In the survival analysis using the log rank test, extracorporeal circulation times of more than 90 minutes (odds ratio (OR) 3.993, 95% confidence interval (CI) 1.304 to 12.24) and aortic clamping times of more than 44 minutes (OR 3.001, 95% CI 1.260 to 7.144) were found to increase the risk of coronary event occurrence significantly. In the multivariate analysis, a clamping time of more than 44 minutes appeared to be predictive of later coronary events (p = 0.01), while an extracorporeal circulation time of more than 90 minutes was very close to being significant (p = 0.06).
Ostial stenoses
Nineteen patients (17.9%) presented with isolated ostial stenosis of the LMCA. This subpopulation was composed of 13 women (68%) and six men. Among these 19 patients, one woman had Takayasu's disease, which was known about before the diagnosis of coronary artery disease. No specific aetiology could be established in the other 18 patients. In the subgroup of patients with isolated LMCA ostial stenosis, 11 underwent direct angioplasty of the left main trunk, but the result was considered satisfactory in only nine. Eight angioplasties were associated with a left anterior descending coronary artery single bypass using the internal thoracic artery. The only patient who had an isolated angioplasty needed reoperation three months later (standard dual bypass to the left anterior descending and circumflex coronary arteries).
Comparison between the subpopulation of 19 patients with isolated LMCA stenosis and the remainder of the population (table 1) showed that the only significant difference between the two populations was a greater proportion of women in the ostial stenosis group (68.4% v 25.9%, p = 0.0007). It is nevertheless worth noting that, while no deaths occurred in that subgroup, survival without coronary events (84.2% in the ostial stenosis group v 85% in the rest of the population) did not differ significantly between the two groups.
Finally, there was no statistical difference in event-free survival between the nine patients who underwent truncus angioplasty (event-free in five) and the other 10 patients who had isolated bypasses (event-free in eight).
DISCUSSION Prevalence of isolated LMCA stenoses
The 106 patients in this study were selected from a population of 1727 patients who had been operated on for LMCA stenosis. This amounted to 22.9% of all the coronary patients who had had a revascularisation procedure in our centre over a 16 year period. This proportion appears high in comparison with the low frequency of LMCA stenoses generally reported (between 0.7-12.6%). 2 3 The difference lay in the recruitment of the patients. Published series most often relate the number of LMCA stenoses to the number of coronary angiographies performed over the same period, whereas we analysed a surgical database. Certain series were also based on surgical recruitment, with an apparently larger number of LMCA stenoses, although in those studies the investigators did not specify the total number of patients operated on for coronary disease during the same period. [8] [9] [10] The ratio between isolated LMCA stenoses and the overall number of LMCA stenoses was 5.9% in our study. That rate is comparable with those found in other large series. 5 6 Mortality Early postoperative mortality was 4.7% in our study. This rate is consistent with several series of LMCA stenoses (isolated or not), and there is a trend towards a reduction in early mortality in the most recent studies. 4 5 8 Overall mortality at the end of our study was 13.2% and the actuarial five year survival rate was 88%. The latter figure is consistent with several reported series of non-isolated LMCA stenoses, where 4-5 year survival rates have ranged from 79-88%. 5 8 10 In Rolle's series, 5 the 18 late deaths (two thirds of which were from cardiac causes) occurred after 2.4 (2.2) years, while in our series the nine late deaths (only one third of which were cardiac) occurred 4.6 (3.4) years after surgery. Our patients therefore survived longer and their deaths tended to be non-cardiac and unrelated to their coronary condition. In Rolle's study, 11 an extracorporeal circulation time longer than 140 minutes was a factor in early mortality. In our study, extracorporeal circulation time correlated with coronary event occurrence. This is consistent with Rolle's data.
Functional results
Of the 92 surviving patients in the present series, 81.5% were free of symptoms at the end of the follow up period. Eighty four patients (79.2%) were considered to be free of coronary events. McConahay and colleagues described the outcome of 146 patients operated on for LMCA stenoses (including only six isolated stenoses) after a mean follow up period of 18.1 months. 9 Their population was younger and more predominantly male than ours. In 40% of their cases the left ventricular ejection fraction was below 50% (compared with only 13% of our cases), and there was more often a history of myocardial infarction in McConahay's series. Despite these population differences and a shorter follow up in McConahay's study, the functional results were rather similar: 77% of survivors were asymptomatic, 74.1% of exercise tests were negative, and 48.6% of coronary arteriographies (performed on average 12.1 months after surgery) were satisfactory.
Carrie and colleagues analysed the outcome of 112 patients operated on for LMCA stenosis, with an average follow up of 18 months (range 10-32 months). 12 That population was closer to ours in terms of age and left ventricular functionalthough there were more men-and 72% of the patients had unstable angina before surgery. Four patients presented with myocardial infarction during follow up (3.5%, v 1.9% in our study), 93% of the patients claimed to be improved (although in reality only 89% where really symptom-free), and 79.3% of the 29 exercise tests were negative. That study focused on the return to work of 30 patients of working age (26 patients in our study): 70% had resumed work (76.9% in our study) and 30% took early retirement (23.1% in our study).
Isolated LMCA ostial stenoses Our study population included 19 isolated LMCA ostial stenoses (17.9% of the overall LMCA stenosis population operated on in our centre). This type of coronary lesion is considered quite rare. 13 The female to male ratio in these 19 cases was 2.2. Their mean age of 60.3 (10.7) years was comparable to that of the 87 patients without ostial stenosis (61 (10.3) years), although the 13 women in the ostial stenosis group were somewhat younger (57.4 (9.2) years; NS). These data are consistent with other series reporting a high prevalence of younger women with isolated ostial stenoses. 14 15 While one patient had Takayasu' disease, there was no specific aetiology in the others. We assume that they were ostial lesions of atheromatous origin because the population had the same cardiovascular risk factors as the 87 patients without ostial stenosis (table 1) . These data do not contradict other published results showing that ostial stenosis is often atheromatous, although women usually have fewer risk factors. 13 The outcome in terms of survival was excellent as all these 19 patients were alive at the end of the follow up period. We cannot make comparisons with other published reports with respect to functional outcome, as in general the number of cases described has been small and the follow up periods short.
Five of the nine patients who underwent LMCA angioplasty were asymptomatic at the end of the follow up period, but there was no significant difference between that group and the remaining patients who underwent standard bypass surgery for isolated LMCA ostial stenosis. It was also difficult to make long term comparisons of angioplasty results with those of other published series, because in our patients the angioplasty was always associated with a single internal thoracic artery bypass on the left anterior descending coronary artery, making our angioplasty population a unique one. Nevertheless, the absence of operative and immediate postoperative mortality in those nine patients was consistent with the findings of other teams that perform this type of operation. 16 17 Bonacchi and colleagues reported 23 patients who underwent surgical ostial angioplasty, including 15 with LMCA stenosis. Patients underwent postoperative thallium-201 stress SPECT (single photon emission computed tomography) within a six month period, together with control coronary arteriography. The overall success rate after a follow up period of 49 months was 22/23. 18 That study confirms our positive results with the technique.
A further treatment for this type of lesion is "unprotected" PTCA of the LMCA. This has so far been reserved for emergency cases or in cases where there are absolute contraindications to surgery, but recently PTCA with coronary stent implantation has been considered as a possible first line alternative to surgery. This treatment is still under evaluation, and prospective studies are under way. Koning and colleagues reported a single case of PTCA with the fitting of a Palmaz-Schatz stent in a 58 year old patient with isolated LMCA ostial stenosis. 19 The immediate outcome, functional follow up, and coronary arteriography after 24 months were all favourable. That lesion is particularly accessible to angioplasty, with a long and wide truncus. Other analyses of the short term benefits of PTCA in this situation (with or without stent implantation and with or without rotational or directional atherectomy) have been less encouraging 20 21 ; however, those two studies were not confined to isolated lesions and they also included more complex lesions, sometimes involving the distal LMCA bifurcation. The investigators' conclusions were that LMCA angioplasty should not be considered an alternative to surgery except in certain favourable situations (such as a preserved ejection fraction and a proximal lesion).
Chronic LMCA occlusions Three patients in our study presented with an isolated LMCA occlusion-a condition considered to be very rare 3 (3-6% of all LMCA lesions). The rarity may be explained by the fact that lesions of this type tend to be lethal early on (the incidence is 10 times higher in necropsy reports). Except in the most severe forms, revealed by massive myocardial infarction, 22 no clinical or ECG signs were present to suggest truncus occlusion. 23 The three patients in our study presented with mixed angina, but without definite infarction or signs of acute heart failure.
The presence of extensive collaterals from a lesion-free right coronary artery and preservation of the left ventricular ejection fraction would contribute to a more favourable prognosis. 24 Only one patient in our study had poorly developed collaterals in the absence of right coronary artery stenosis. That patient presented with recurrent angina one year after surgery. Surgical revascularisation is the treatment of choice for chronic LMCA occlusions, and yields good results if performed at an early stage. 25 26 The three patients in our series were all alive at four, eight, and 10 years after surgery, respectively.
Study limitations
This was a retrospective study with all the biases inherent in that type of study. We followed up a population of patients operated on for isolated stenoses of the LMCA, without any randomisation or control group. The population was very heterogeneous and follow up methods differed, some patients having exercise tests or follow up coronary arteriography while others had only a clinical follow up.
Statistically, the study was restricted to analysing particular variables (preoperative, peroperative, or postoperative), although many other factors related to coronary disease may influence a patient's prognosis. Interpretation of the so called predictive factors identified in this study thus needs to be cautious. Nevertheless, the study extends our understanding of patients operated on for isolated LMCA stenoses, their postoperative course, and their management.
Conclusions
This retrospective study involved 106 patients with isolated LMCA stenosis. The results were encouraging in terms of long term outcome after surgical revascularisation (over a mean follow up of more than four years). Indeed, 86.8% of patients were alive and 71.7% were free of any intercurrent coronary events at the end of the follow up. These results are consistent with other published reports on the outcome of patients operated on for LMCA stenosis, whether isolated or not. A subpopulation with isolated ostial stenosis differed only with respect to the sex ratio (more common in women); outcome in terms of survival and functional ability was no different from that in the remaining patients. Surgical angioplasty did not appear to improve the prognosis of patients with ostial stenosis.
